ABSTRACT (4-Hydroxy-3-nitrophenyl)acetyl (NP)-modified BALB/c immunoglobulins were used as the immunogen for induction of a proliferative response in BALB/c mice. As is true for responses to other soluble antigens, proliferation was dependent on Lyt-1 cells and histocompatible radioresistant accessory cells. Lyt-1 cells directed against NP-modified self immunoglobulin are specific for the immunizing hapten NP. However, they do not recognize hapten per se. Rather, they see complex determinants comprised ofboth the hapten NP and the immunoglobulin self-carrier. Distinct specificities were created by coupling the same hapten to different monoclonal BALB/c antibody molecules or by attaching the hapten to the immunoglobulin self-carrier via a spacer molecule. It is proposed that determinants created by attaching haptens to self-immunoglobulin molecules are similar to those recognized by anti-idiotypic T cells.
Individual T and B lymphocytes recognize unique antigenic determinants via specific receptor molecules on the cell surface. It is generally accepted that antigen receptors on B cells are conventional immunoglobulins (Igs) having the same antigenbinding specificity as secreted antibody molecules. By contrast, there exists a wide range ofopinion regarding the precise chemical structure of the T-cell receptor. In particular, the extent to which antigen receptors on T cells resemble those on B cells has not been clearly resolved. On the one hand, there is considerable evidence that antigen receptors on T cells and B cells are different. For example, dual specificity [i.e., the need to recognize antigen in the context ofselfmajor histocompatibility complex (MHCQ determinants] clearly distinguishes the T-cell receptor repertoire from that expressed by B cells (1) (2) (3) (4) . The observation that T and B cells predominantly recognize different epitopes on multideterminant antigens also suggests that T and B cells use distinct receptors (5) (6) (7) . Another battery of data indicates that antigen receptors on T cells and B cells are structurally similar. Antisera. directed against variable regions on serum antibody molecules have been shown to have reactivity toward helper T cells (8, 9) , suppressor T cells (10, 11) , alloreactive T cells (12) , and soluble T-cell products (13) (14) (15) (16) . These findings have been taken as evidence that the variable portions of T-and B-cell receptors are encoded by the same variable region genes.
To obtain additional information regarding the possible relationship between T-and B-cell receptors, it would be useful to study T-cell recognition of a simple well-defined antigen-a hapten. Hapten-specific T cells have been extensively de- scribed in the literature; the most commonly used strategy for induction of hapten-specific T-cell immunity has been to immunize with the hapten coupled to a self-carrier. One particularly well characterized system is the response to the hapten (4-hydroxy-3-nitrophenyl)acetyl (NP).
Anti-NP antibodies produced by C57BL/6 (B6) mice and other strains expressing the b allele at the Igh gene complex express a major crossreactive idiotype (the NPb idiotype) and carry a heteroclytic fine specificity marker; i.e., they have a higher affinity for structurally related haptens such as (4-hydroxy-3-iodo-5 nitrophenyl)acetyl (NIP) than for the immunizing hapten, NP (17, 18) . Several populations of NP-specific T cells have been analyzed for expression of these variable region markers. Effector T cells for NP-specific delayed-type hypersensitivity responses express the heteroclytic fine specificity marker (19) . NP-specific suppressor cells bear NP" idiotype+ determinants on their surface (11) . Soluble heteroclytic NPb idiotype+ receptor material has been isolated from a population of NP-sensitized T cells whose function has not yet been defined (13) . By contrast, cytotoxicT lymphocytes directed against NP-coupled autologous cells (20) and NP-specific helper cells (21) express a nonheteroclytic phenotype. These observations are consistent with evidence for structurally distinct receptors on different T-cell subpopulations (22, 23) .
The present study analyzes the fine specificity of T cells that proliferate in response to NP-modified selfIg. These Lyt-1-positive cells have specificity for the immunizing hapten, NP. However, they do not recognize hapten per se. Rather, they see conjugate-specific determinants-i. e., determinants contributed by both the hapten, NP, and the Ig self-carrier. Distinct specificities were created by coupling the same hapten to different self-Ig molecules or by attaching the hapten to the Ig selfcarrier via a spacer molecule. The (Fig. 2) . However, there was also no crossreactivity between NP-BALB/c Ig and NP coupled to a heterologous carrier, such as chicken gamma globulin (Fig. 2) . Thus, Lyt-1 cells directed against NP-modified self Ig see more than the hapten moiety itself. Rather, these Lyt-1 cells recognize conjugate-specific determinants-i.e., determinants contributed by both the hapten and the Ig self-carrier.
Discrimination Among Different NP-Modified Self Igs. The contribution of the Ig self-carrier was further evaluated by analyzing reactivity toward different NP-modified self Igs. As shown in Fig. 3 , there was no crossreaction between NP-BALB/c Ig made from a pool of DEAE-purified serum IgG and NP conjugates prepared with different monoclonal BALB/c Igs, such as NP-104E (IgM, A) or NP-S107 (IgA, K). Moreover, the absence of a response to NP-104E or NP-S107 is not due to lack of immunogenicity with these conjugates because, as shown in Fig. 4 conclusion that responding Lyt-1 cells recognize hapten-modified self-determinants rather than hapten per se and provides clear evidence that the receptor specificity of Lyt-1 cells participating in the proliferative response to NP-modified self Ig is different from that of NP-specific B cells. DISCUSSION The studies described in this report were initiated in an attempt to generate continuously growing T-cell lines that have reactivity toward the hapten NP. Immunization with hapten coupled to self Ig has been used previously as a strategy for induction of hapten-specific helper (9, 29) and suppressor (10, 30) cells. By analogy, it seemed reasonable to assume that T cells that proliferate in response to NP-modified self Ig would be directed against the hapten NP. However, the data presented above indicate that responding Lyt-1 cells recognize conjugate-specific determinants. Although somewhat surprising, this result is consistent with many previous descriptions of T-cell receptor specificity. Early experiments in guinea pigs by Benacerraf and Paul and co-workers (31, 32) demonstrated that delayed hypersensitivity reactions and proliferative responses to conjugates of guinea pig albumin were specific for both the immunizing hapten and the carrier. Similarly, Janeway (33) The antigen most frequently claimed in the past to be capable of eliciting hapten-specific help was a hapten-self-Ig conjugate (9, 29) . I have analyzed the fine specificity of Lyt-1 cells that proliferate in response to NP-modified self 1g. These T cells were specific for the immunizing hapten, NP, in that they did not recognize the Ig self-carrier modified by different haptens. However, NP coupled to self Ig via a caproic acid spacer molecule was recognized as a distinct antigenic specificity, and NP conjugates prepared with different self Igs were not crossreactive. Thus, responding Lyt-1 cells were not directed against the hapten NP. Rather, these T cells, like those that respond to hapten-self albumin conjugates, show conjugate specificity; i.e., they recognize determinants contributed by both the hapten NP and the Ig self-carrier. How can these data be reconciled with previous work describing hapten-specific helper T cells? Considering that, in the present study, Lyt-1 cells were not tested functionally, one possibility is that Lyt-1 cells that proliferate in response to NP-self-Ig conjugates may not help B cells. However, this would be an exception to the general rule since MHC-restricted Lyt-1 cells that proliferate in response to other soluble antigens have helper activity for B cells (34) (35) (36) .
An alternative explanation is that the Lyt-I cells described here have helper activity, but not all hapten-self Ig-reactive helper cells express the same type ofreceptor specificity. This proposal is consistent with data indicating that there are two distinct types of helper cells that act synergistically for the induction of optimal antibody responses (27, 28, (37) (38) (39) (40) . One of these is MHC restricted and has specificity for the immunizing carrier, properties similar to those demonstrated for NP-self Ig-reactive Lyt-1 cells described here. Bottomly and co-workers (27, 28) have characterized a second antigen-specific helper cell that is not MHC-restricted (27, 28) . Perhaps hapten-specific helper cells described previously belong to this second category of Proc. Natd Acad. Sci. USA 79 (1982) helper cells. In the absence ofinformation regarding their MHC restriction specificity, it is difficult to evaluate this hypothesis. Finally, it is also possible that so-called hapten-specific helper cells described in the past were, in fact, directed toward conjugate-specific determinants. As shown here, conjugate-specific Lyt-1 cells recognize determinants contributed in part by the immunizing hapten. Thus, a lack of reactivity towards self Ig modified by an irrelevant hapten is not necessarily indicative of hapten specificity. The idea that hapten-modified self Ig-reactive helper cells are directed toward the hapten also derives from the finding of shared idiotypes on helper cells and antihapten antibodies (9). However, antibodies to different epitopes on multideterminant antigens sometimes express crossreactive idiotypes (41) (42) (43) (44) . Thus, conjugate-specific helper cells and antihapten antibodies directed against distinct determinants on hapten-self-Ig conjugates may well bear common idiotypes. In short, one cannot be certain that previously characterized hapten-modified self Ig-reactive helper cells were truly hapten specific.
Whether or not T and B cells recognize the same epitopes on hapten-self-Ig conjugates has important implications for understanding the specificity of anti-idiotypic T cells. It is known that anti-idiotypic T cells are induced after immunization with idiotype (9, 45, 46) . Auto-anti-idiotypic T cells are thought to play a key role in regulating network interactions. Whether antiidiotypic T and B cells recognize the same or different idiotypes is unknown. A strong argument can be made that coupling the hapten NP to arginine and lysine residues on self-Ig molecules mimics a naturally occurring mutation in which there is a replacement of a charged hydrophilic amino acid by a neutral hydrophobic residue. According to this idea, conjugate-specific determinants on hapten-modified self Igs resemble new determinants on variant antibody molecules. The particular Igs used in this study have extremely different structures, and nitrophenylated molecules were not crossreactive. Discrimination among different NP-modified self Igs cannot simply be due to recognition of known serologically defined specificities because attempts to elicit responses to unmodified self Igs have so far been unsuccessful (unpublished observations). The assumption that similar specificities may be created by coupling the same hapten to closely related Igs can be tested in future experiments. In sum, the Lyt-1 proliferative response to hapten-modified self Ig should provide a useful model for studying T-cell recognition of self and nonself Ig.
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